We have recently reported (Barban and Ajil, 1952) that a purified ammonium sulfate fraction obtained from bacteria can carry out the following reaction: (1) isocitric acid + TPNO3 = a-ketoglutaric acid + C02 + TPNr1d3 The progress of the reaction was followed spectrophotometrically at 340 m,u, owing to the absorption of light at this wavelength by the reduced triphosphopyridine nucleotide. This marked the first clear-cut demonstration of the continued conversion of a Krebs tricarboxylic acid to a-ketoglutarate in bacteria.
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(2) (3) freundii, strain F920A. The enzymatic activity of isocitric dehydrogenase was followed in the Beckman DU spectrophotometer. Reversibility of the reactions was determined in two ways. (a) Spectrophotometrically by observing the reoxidation of reduced triphosphopyridine nucleotide on the addition of carbon dioxide and an excess of a-ketoglutarate in the presence of isocitric dehydrogenase. (b) Spectrophotometrically as above except that the reaction was carried out in the presence of glucose-6-phosphate and Warburg's Zwischenfermnnt thus shifting the reaction further toward carbon dioxide fixation. Thus, Glucose-6-phosphate + TPNos=,6-phosphogluconic acid + TPN,1 a-Ketoglutaric acid + C02 + TPNred = isocitric acid + TPNos 1aconitas citric acid
The reversibility of reaction (1) has been demonstrated in animal tissues and yeast. The present communication deals with the reversibility of this reaction in bacteria. The results demonstrate a hitherto unreported carboxylation reaction in bacteria.
MATERIALS AND METHODS
Most of the methods and materials used in this study were those described in the previous paper (Barban and Ajl, 1952 At the end of the reaction carried out by method (b) aconitase (also obtained from E. freundii) was added to convert the formed isocitric acid to citrate. The latter compound was isolated from the reaction mixture and determined colorimetrically by the method of Natelson et al. (1948) and chromatographically according to the method of Lugg and Overell (1948) .
Oxalosuccinic carboxylase activity was determined manometrically at approximately 20 C. The exchange reactions were carried out in 125 ml warburg reaction vessels. In addition to the i150 JAM of substrate, the reaction mixture contained 5 ml of purified isocitric dehydrogenase, phosphate buffer at a pH of 7.0 and a small quantity of NaHC14Os.
The reaction was allowed to continue until approximately half of the oxalosuccinate disappeared. The residual C02 in the mixture then was determined by aeration. The reaction flask was cooled, and to it were added 3 ml of 6 N H2S04. The C02 was caught in dilute COrfree alkali. To the deproteinated solution was added 0.85 mmu of NaHC'203, further acidified with H2804, and aerated for 15 minutes. This procedure was repeated 3 times. The use of the C1202 rinse precluded residual C1402 remaining to interfere with the isotope determination of the carboxyl carbon. The C1402 content of the rinse was determined.
At this point in the procedure 3 ml of aniline citrate were added. This reagent decarboxylated the residual oxalosuccinic acid to a-ketoglutaric acid and CO2. The carbon dioxide originates from the tertiary carboxyl group; it was collected and the C14 content determined in the usual manner (Ajl and Kamen, 1951) .
Triphosphopyridine nucleotide (-80 per cent pure), glucose-6-phosphate dehydrogenase, and barium oxalosuccinate were obtained from the Sigma Chemical Company. The barium salts of glucose-6-phosphate and isocitric acid were purchased from the Delta Chemical Company. The barium salts of all reagents were converted to their respective sodium salts immediately before use.
EXPERIMENTAL RESULTS
The reductive carboxylation of a-ketoglutarate by bacterial triphosphopyridine nucleotide-isocitric dehydrogenase was observed spectrophotometrically and is very similar to the demonstrations of Ochoa (1948) and Kornberg and Pricer (1951) with pig heart and yeast isocitric dehydrogenases. Reversibility of reaction (1) Figure 2 . Demonstration of the reversibility of reaction 1 with the glucose-6-phosphate dehydrogenase system for the preliminary reduction of oxidized triphosphopyridine nucleotide. 0.3 ml of 0.07 m phosphate buffer, pH 7.4, 1 mg of glucose-6-phosphate, 0.3 ml of glucose phosphate dehydrogenase containing 0.5 mg per ml, 4 pm of alphaketoglutarate, 0.3 ml of 0.1 M sodium bicarbonate, and 0.05 ml of 0.01 M MnCl2. Where indicated 0.5 ml of E8cherichia freundii isocitric dehydrogenase was added. teinated and analyzed for citric acid. Citric acid was formed.
As with preparations of triphosphopyridine nucleotide isocitric dehydrogenase from pig heart and yeast, bacterial isocitric dehydrogenase catalyzed the decarboxylation of oxalosuccinate (table  1) . It is evident from the data presented that almost three times the amount of CO2 was given off in the presence of enzyme and oxalosuccinate than in the presence of either boiled enzyme and oxalosuccinate or oxalosuccinate alone.
When NaHCI4O8 is added to such enzymic preparations and the reaction allowed to continue until approximately half of the substrate disappears, the residual oxalosuccinate becomes radioactive. The radioactivity resides only in the ter- Total volume of reactants 3.0 ml. Where indicated, the following additions were made. Either boiled or fresh enzyme prepared as previously described (Barban and Ajl, 1952) Total volume of reactants 15 ml. To appropriate vessels the following additions were made. Five ml of either boiled or fresh enzyme prepared as previously described (Barban and Ajl, 1952 It is of interest to note that we succeeded in studying the reversibility of this reaction in the absence of reagents which would cause the equilibrium to be shifted to the left. This has been demonstrated by the use of radioactive C02. Despite the fact that sodium oxalosuccinate in solutions decomposes rather rapidly, it has been possible to incorporate significant amounts of 01402 into the tertiary carboxyl of the labile acid. This is, of course, to be expected if the reaction is indeed reversible.
SUMMARY
The following reversible reaction has been found to occur in extracts of Escherichiaofreundii:
The same enzymatic preparations decarboxylate oxalosuccinate to a-ketoglutarate and C02.
When the reaction is carried out in the presence of NaHC'403, the tertiary carboxyl group of oxalosuccinate becomes radioactive.
